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Abstract
Object

To investigate the histopathological and immunohistochemical properties of degenerative changes in the ligamentum 
flavum of the cervical spine with calcium crystal deposition. 

Methods
Sections of the calcified ligamentum flavum harvested from 26 patients who required cervical decompression were 

examined by scanning electron microscopy (SEM), energy dispersive X-ray microanalysis, immunohistochemical staining 
[for transforming growth factor (TGF)-β, vascular endothelial growth factor (VEGF), Sox9, and Msx2] and terminal 
deoxynucleotidyl transferase (TdT)-mediated dUTP-biotin nick end labelling (TUNEL) method (for cell apoptosis). 

Results
Energy dispersive x-ray microanalysis and SEM confirmed the deposited calcium to be calcium pyrophosphate dihydrate 

(CPPD) crystals. The calcified ligamentum flavum showed disorganisation of the elastic fibre bundles together with 
increased collagen fibrils in the matrix. Abundant hypertrophic chondrocytes were noted around the calcified lesions, which 

were strongly immunoreactive to TGF-β and VEGF. Staining for Sox9 was positive in metaplastic chondrocytes but 
negative in hypertrophic chondrocytes. Both chondrocytes and mesenchymal cells were positive for Msx2. TUNEL-positive 
hypertrophic chondrocytes were significantly more noticeable in nodular than diffusely scattered type of CPPD deposition. 

Conclusions
Calcium crystal deposition in the cervical ligamentum flavum seems to progress with reduction in elastic fibres, increase in 
collagen fibrils in the matrix, and migration of metaplastic hypertrophic chondrocytes, whose differentiation is controlled 
by cytokines and transcriptional factors, and potentially regulate crystal formation. The presence of abundant TUNEL-

positive hypertrophic chondrocytes around CPPD deposition suggests that materials from apoptotic cells play some role 
in crystal deposition.
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Introduction
Calcium pyrophosphate dihydrate 
(CPPD) crystal deposition in the cer-
vical ligamentum flavum is associated 
with insidious progression of neuro-
logical compromise (1-4). This patho-
logic condition may occur as part of 
systemic chondrocalcinosis or in iso-
lation (5), but it is considered to be 
frequently present in association with 
generalised connective tissue degen-
eration. The spinal canal compromise 
associated with slow and progressive 
CPPD crystal deposition in the liga-
mentum flavum is primarily due to the 
mass effect of such deposition. The cer-
vical ligamentum flavum is only about 
1-2 mm thick, and thus a small nodular 
lesion with ligamentous thickening re-
sults mechanically in dorsal cord com-
pression especially with the “buckling 
effect” on the cord during neck exten-
sion position, ultimately resulting in the 
development of myelopathy (6). 
Proliferation of degenerated collagen 
fibrils, stimulation by increased pro-
teoglycan levels, and hypertrophic 
chondrocytes that secrete amorphous 
material as well as proteoglycans, are 
typical findings of calcified ligamentous 
matrix (7, 8). Furthermore, degenera-
tion of the elastic fibres and increased 
number of collagen fibrils are also 
sometimes observed on histopathologi-
cal examination of calcified ligamentum 
flavum (9-11). Quantitative analyses of 
the expanding chondrometaplastic ar-
eas, regularity of arrangement of elas-
tic fibre bundles, and intraligamentous 
content associated with degeneration of 
ligaments have also been reported. Our 
group reported previously the role of 
proteases, such as elastase and chymot-
rypsin, in the degeneration of elastic fi-
bres in the lumbar ligamentum flavum, 
and that estrogens as well as transform-
ing growth factor (TGF)-β regulated 
crystal formations in chondrocytes 
(12-14). Based on these findings, we 
speculated that the degeneration proc-
ess associated with small blood vessel 
formation, the expression of certain cy-
tokines, and the presence of metaplastic 
chondrocytes could contribute to the 
deposition of CPPD crystals. 
Since the anatomy and histology of 
the cervical ligamentum flavum are           

different from those of the lumbar 
spine, we decided to investigate the 
cervical calcified ligamentum flavum. 
In the present study, we investigated 
the histopathological and immunohisto-
chemical properties of CPPD crystal 
deposition in the cervical spine, with 
reference to our previous findings in the 
lumbar spine (6). 

Material and methods
Between 1994 and 2008, 465 Japanese 
patients underwent posterior decom-
pressive surgery for proven cervical 
myelopathy. Among them, 26 patients 
(11 men; 15 women; mean age 73.1 
years, range 50-86; mean follow-up 
period, 2.1 years) had distinctive clini-
cal and radiological evidences of spinal 
cord compression vis a tergo by CPPD 
crystal deposition. None of the patients 
showed evidence of genetically-related 
bone, joint or musculoligamentous tis-
sue abnormalities, or had taken corti-
costeroids, immunodepressants, bis-
phosphonate, ethidronate sodium and/
or tumour necrosis factor-α antagonist. 
Blood tests did not routinely include 
investigation of vitamin D, parathyroid 
hormone and calcitonin, serum bone-
specific alkaline phosphatase or urinary 
N-telopeptide for type I collagen, but 
all patients were negative for rheuma-
toid factor. In all patients, radiographs 
excluded the presence of ankylosing 
spondylitis, diffuse idiopathic skeletal 
hyperostosis, and Paget’s disease. In 
a previous study (6) that reviewed 66 
cases with cervical ligamentum flavum 
CPPD crystal deposition, the preva-
lence of associated calcification in the 
knee meniscus was 38%, interverte-
bral disc 23%, posterior longitudinal 
ligament 11%, hip joint 11%, pubic 
symphysis 11%, shoulder joint 8%, 
peri-odontoid area (crowned dens syn-
drome) 6%, and wrist joint (triangular 
ligament) 5%. However, in the current 
series, such systemic radiographic sur-
vey was not performed mainly due to 
medical costs and ethical reasons of in-
creased radiation exposure. 
Neurological examination was per-
formed on admission and at follow-up. 
The calcified lesion was assessed at each 
spinal level on radiographs and/or high-
resolution CTs, and its morphology was 
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grossly categorised as nodular or diffuse 
type, as described previously by our 
group (2, 6). The lesion was visualised 
as a vague radiolucent mass between 
two laminae on sagittal radiographs, 
and as a clearly margined nodular le-
sion or vague spotty calcification be-
neath the lamina. On high-resolution 
MRIs (1.5 Tesla Signa, Milwaukee, 
WI), the calcified lesion appeared as a 
low-signal intensity lesion, with clear 
evidence of compression of the spinal 
cord vis a tergo. 
Surgical treatments included osteoplas-
tic en bloc open-door laminoplasty for 
23 patients with multi-segmental com-
pressive lesions anteriorly and/or pos-
teriorly, and microscopic laminotomy 
for three sustaining single level lesion 
posteriorly. The postoperative neuro-
logical outcome as assessed by the cri-
teria of Odom et al. (15) was classified 
as excellent (every preoperative symp-
tom relieved and abnormal findings 
improved), good (minimal persistence 
of preoperative symptoms and abnor-
mal findings unchanged or improved), 
fair (definite relief of some preopera-
tive symptoms, but other symptoms 
unchanged or slightly improved), or 
poor (symptoms and signs unchanged 
or worse). Surgeries were performed by 
a single senior surgeon (HB) who did 
not participate in histological and im-
munohistochemical assessments. The 
principal authors (ESM, TY), and two 
histopathologists (KU, SK) who were 
blinded to the surgical findings, were 
responsible for all histopathological and 
crystallographic investigations. All oth-
er data were further assessed by other 
independent observers (HN, RS).
The Human Ethics Review Committee 
of our University approved the current 
study protocol and a signed consent 
form was obtained from each subject. 

Histopathological and immunohisto-
chemical examinations and terminal 
deoxynucleotidyl transferase (TdT)-
mediated dUTP-biotin nick-end labelling 
(TUNEL) staining
Surgically obtained en bloc ligamentum 
flavum tissues were fixed with 10% buff-
ered formaldehyde for 48 hours at 4°C 
and then embedded with paraffin. Se-
rial 4-μm thick sections were examined 

after deparaffinization with xylene and 
replaced by 99.5% ethanol, followed by 
haematoxylin and eosin and elastica van 
Gieson staining.
For immunohistochemical staining, se-
rial 4 μm-thick sections were prepared 
from the paraffin embedded specimens, 
and then deparaffinized with xylene fol-
lowed by 99.5% ethanol. After wash-
ing with water, the intrinsic peroxidase 
was blocked with 0.3% H2O2-methanol 
solution at 20°C for 10 minutes and 
washed with phosphate buffered saline 
(PBS; pH 7.4). In the next step, the sec-
tions were reacted with BLOCKING 
agent [PBS containing carrier protein 
and 15 mM sodium azide (LSAB kit, 
Lot 00075, Dako, Glostrup, Denmark)] 
at 20°C for 10 minutes. This was fol-
lowed by reaction overnight with 
the following primary antibodies at 
4°C: mouse monoclonal anti-TGF-β 
(MAB1835, Lot CCI02, R&D Systems, 
500 μg dissolved in 1ml PBS), mouse 
monoclonal anti-vascular endothelial 
growth factor (VEGF) (SC7269, Lot 
G231T, Santa Cruz Biotechnology, 
200 μg IgG dissolved in 1 ml PBS with 
0.1% sodium azide and 0.2% gelatin), 
rabbit polyclonal anti-Sox9 (sc-20095, 
Lot DO406, Santa Cruz Biotechnology, 
containing 200 μg IgG in 1 ml PBS 
with <0.1% sodium azide and 0.1% 
gelatin), and rabbit polyclonal anti-
Msx-2 (sc-15396, Lot CO404, Santa 
Cruz Biotechnology, containing 200 μg 
IgG in 1 ml PBS with <0.1% sodium 
azide and 0.1% gelatin). Sections were 
further reacted with goat anti-mouse 
immunoglobulin antibodies conjugated 
to peroxidase labelled-dextran polymer 
(EnVision, peroxidase, Dako Corp., 
Carpentaria, CA) for monoclonal an-
tibodies and with goat anti-rabbit im-
munoglobulin antibodies (EnVision+, 
peroxidase, Dako) for polyclonal an-
tibodies at 20°C for 45 minutes and 
rinsed with PBS at pH 7.4 (16). In or-
der to visualise peroxidase colour reac-
tion, the sections were incubated with 
3, 3-diaminobenzidine (DAB)-HCl 
solution (CB090; Dojin Chemicals, 
Tokyo, Japan, 50 mg dissolved in 100 
ml of 0.05 M TRIS-HCl buffer, pH 7.4) 
at 20°C for 10 minutes, and washed in 
water. Nuclear counterstaining was car-
ried out with haematoxylin. Specimens 

stained by DAB were mounted with 
Biolite (Oken, Tokyo) and examined 
under a light microscope. 
Apoptotic cell death was assessed by 
the terminal deoxynucleotidyl trans-
ferase (TdT)-mediated deoxyuridine 5-
triphosphate (d-UTP) nick-end labelling 
(TUNEL) technique. The specimens 
were deparaffinized and dehydrated ac-
cording to standard protocols, the tissue 
sections (4 μm) were incubated with 
BLOCKING solution (0.3% H2O2 in 
methanol) for 30 minutes at room tem-
perature. After rinsing with PBS (pH 
7.2), the sections, were incubated for 
15 minutes at 37°C with proteinase K 
solution (10 μg/ml in 10 mM Tris-HCl 
buffer, pH 7.4) and rinsed twice with 
PBS. TUNEL reaction mixture [50 μl 
enzyme solution (TdT from calf thymus 
in storage buffer) added to 450 μl label 
solution (nucleotide mixture in reaction 
buffer) and mixed well to equilibrate 
components] was prepared immediate-
ly before use, placed on slides (50 μl/
slide), and incubated for 60 minutes at 
37°C. For the negative control, label so-
lution without terminal transferase was 
placed on slides (50 μl/slide) instead 
of the TUNEL reaction mixture. These 
were rinsed three times with PBS, add-
ed to DAB substrate (10 μl 30% H2O2 
added to 5 mg /ml DAB in 50 mM Tris-
HCl buffer, pH 7.4) and incubated for 
10 minutes at room temperature. The 
slides were rinsed with distilled water 
and counterstained with methyl green 
(1%) for 5 minutes. After mounting, the 
specimens were analysed under light 
microscopy. 

Scanning electron microscopy 
and x-ray microanalysis
Sections obtained from each specimen 
were examined by scanning electron 
microscopy (SEM) and some sections 
were examined by energy dispersive 
x-ray microanalysis. Sections were 
fixed with 2.5% glutaraldehyde (Wako 
Pure Chemicals, Osaka, Japan) water 
solution at 4°C for 2 hours, and then 
immersed in 1% osmium tetroxide 
(Merck, Darmstadt, Germany) at 4°C 
for 2 hours. After dehydration with se-
rial concentrations of ethanol followed 
by absolute isoamyl acetate solution 
(Nakalai, Kyoto, Japan), the specimen 
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was allowed to dry in a critical point 
dryer (HCP-2; Hitachi, Tokyo), and 
then coated with gold-palladium (Eiko 
Engineering, Ibaraki, Japan) by evapo-
ration using an ion coater (IB-3; Eiko 
Engineering). In the final stage, SEM 
and an energy dispersive x-ray micro-
analyser (model S-3400N; Hitachi) 
were used to identify calcium crystals. 

Results
Clinical findings
Table I summarises the clinical de-
mographic data, radiological findings, 
and surgical outcome of participating 
patients. Eight patients had long-stand-
ing diabetes mellitus and one had hy-
pothyroidism. Symptoms and signs of 
myelopathy were evident in 16 patients, 
myeloradiculopathy in seven, and ra-
diculopathy in three. After surgery, 20 
patients attained excellent or good out-
come, but one (Case 3) with a sustained 
concomitant ossified posterior longi-
tudinal ligament showed poor results. 
None of the patients had symptomatic 
recurrence of CPPD deposition at the 
surgical sites or other sites during the 
follow-up.
Ligamentum flavum calcification was 
observed at C2-3 level in one, C3-4 
level in 13, C4-5 level in 17, C5-6 level 
in 12, C6-7 level in five, and C7-T1 
in three. Ten patients showed nodular 
calcification (Fig. 1), while 16 exhib-
ited diffuse type of deposition (Fig. 2). 
No significant features were noted in 
the cervical spine in terms of osseous 
anatomy, suggestive of either nodular 
or diffuse type calcium deposition. 

Scanning electron microscopy 
and histological findings 
The deposited calcium crystals varied 
morphologically, appearing as pin-like, 
rod-like, or rectangular crystals when 
observed under SEM (Fig. 3a, 3b). The 
diameter of the crystals was approxi-
mately 4 μm or slightly larger. X-ray 
microanalysis indicated the crystal was 
consistent with CPPD (Fig. 3c, 3d).
Macroscopic examination of the calci-
fied ligamentum flavum showed granu-
lated white chalky mass, and the lesion 
was often observed primarily in the 
dorsal side of the ligament with grad-
ual extension towards the dural side.        

Microscopic examination showed irreg-
ular arrangement of the elastic fibres, 
abnormally small diameter of fragment-
ed elastic fibres, and thick bundles of 

collagen fibres. The above gross find-
ings were observed in both the nodu-
lar (Fig. 4a, 4b) and diffuse type (Fig. 
4c, 4d) of calcium deposition. In both 

Fig. 1. Imaging findings and gross appearance of the nodular type calcium pyrophosphate dihydrate 
(CPPD) crystal deposition (Case 23, Table I). The nodular type lesion at C5-C6 level exhibits spinal 
cord compression vis a tergo, causing intramedullary hyperintensity signal at the corresponding level 
(a, b, T1-weighted MRIs; c, d, T2-weighted MRIs). On high-resolution CT image (e), the nodular 
lesions (white arrows) can be seen beneath the lamina with clear margins. Gross appearance of the 
resected ligamentum flavum at C5-C6 showing white, chalky, granular calcium deposition (black ar-
rows) primarily in the deep layer (dorsal side) of the ligament (f). 

Fig. 2. MRI and high-resolution CT findings, and gross appearance of the diffuse type of CPPD 
deposition (Case 22, Table I). The calcified ligamentous lesion at C4-C5 level is associated with a 
significant compression of the spinal cord posteriorly (a, b, T1-weighted MRIs; c, d, T2-weighted 
MRIs). On MRIs, the calcium-containing ligament exhibits isointensity (a, b) and hyperintensity (c, 
d) signals. On high-resolution CT image (e), diffusely scattered calcified lesions (white arrows) close 
to the lamina are visualised. Note the white and chalky gross appearance of the ligamentum flavum at 
C4-C5 level, and diffuse deposition of calcium (black arrows) in the cephalad attachment of the deep 
layer (dorsal side) of the ligament (f). 
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types of depositions, wide amorphous 
fibrotic areas with reduced number of 
elastic fibres and increased collagenous 
tissue were frequently evident. Differ-
ent from the nodular type of deposition, 
calcium deposition in the diffuse type 
was scattered among the matrix that 
showed ruptured elastic fibre bundles. 
A number of chondrocytes were found 
around the calcium deposition-contain-
ing matrix, together with proliferation 
of small blood vessels in the periphery 
of calcified lesion. 

Immunohistochemical findings
Strong immunostaining for TGF-β was 
noted in hypertrophic chondrocytes 
with chondrometaplasia in the matrix 
of the ligamentum flavum. A number of 
TGF-β-positive hypertrophic chondro-
cytes were found around calcium crys-
tal deposits in both nodular and diffuse 
types of depositions (Fig. 5a). 
Hypertrophic chondrocytes in the ma-
trix of the degenerated ligamentum fla-
vum were immunostained for VEGF. A 
large number of VEGF-positive hyper-
trophic chondrocytes were seen around 
the calcium crystals in both types of 
depositions (Fig. 5b).
The chondrocytes in the degenerated 
ligaments were also immunopositive for 
Sox9 (Fig. 5c). However, the immuno-
positivity was limited to the seemingly 
pre-mature chondrocytes; the hyper-
trophic chondrocytes in close vicinity 
of calcium deposits were negative for 
Sox9. Furthermore, immunostaining 
for Sox9 was also noted in mesenchy-
mal cells present around the calcified 
lesion. These mesenchymal cells were 
found exclusively in the degenerative 
fibres around the calcium deposits. 
Immunostaining for Msx2 was signifi-
cant in the hypertrophic chondrocytes in 
ligaments with calcium crystal deposits 
(Fig. 5d). In particular, Msx2 showed 
significant immunoreactivity in hyper-
trophic chondrocytes present in the ma-
trix of degenerated ligament around the 
calcified lesions. Furthermore, marked 
Msx2 immunopositivity was also evi-
dent in mesenchymal cells. 
Some of the hypertrophic chondrocytes 
in the degenerated matrix were also 
TUNEL-positive. The nuclei of these 
chondrocytes showed pigmentation 

and cohesion, suggestive of cell apop-
tosis. In particular, these TUNEL-posi-
tive chondrocytes were mostly seen 
in areas close to the calcium deposits 
in cases of nodular type (Fig. 6a, 6b) 
compared with the diffuse calcification 
(Fig. 6c, 6d). 

Discussion
Calcium deposition in the cervical liga-
mentum flavum increases its thickness 
together with loss of elasticity and may 
eventually change to a hard mass le-
sion with a significant impingement of 
the spinal cord posteriorly or postero-

Fig. 3. Scanning electron micrographs of the lesion showed calcium crystals of various sizes and 
shapes (a; ×1500; b; ×7500). The measured point indicated by lunate circle in c and x-ray microanaly-
sis (d) confirmed the minerals to be CPPD crystals. 

Fig. 4. Photomicrographs showed the presence of chondrocytes around calcium deposits and irregular 
arrangement of the elastic fibres. In nodular type deposition, the area of calcium deposits was oval or 
semi-oval in shape with a clear margin from the matrix (a; haematoxylin and eosin staining, b; elastica 
van Gieson staining; each magnification, x10). In diffuse type deposition, amorphous deposition areas 
were scattered within the ligamentous matrix (c; haematoxylin and eosin staining, d; elastica van Gie-
son staining; each magnification, x10). Ca: calcium deposition. 
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laterally. Several studies (17-19) have 
discussed the clinical significance of 
calcium deposition in this area. While 
the exact prevalence of CPPD crystal 
deposition is unknown, the incidence 
probably increases with age and is es-
timated to be 10-25% in elderly people 

aged ≥75 years (3, 12-14, 20). The con-
dition is more prevalent in females and 
patients with diabetes mellitus, athero-
sclerosis and hypertension are consid-
ered to be at higher risk than others. 
Clinical presentations include sensory 
dysfunction affecting the extremities, 

power loss, reflex abnormalities, gait 
instability, and deterioration of bladder 
function in advanced cases. A review 
of 60 reported cases (3, 6, 10, 17, 21-
23) with cervical myelopathy caused 
by CPPD crystal deposition provides 
some important clinical information. 
Firstly, initial neurological signs and 
symptoms include prominent coordi-
nation deficit or spinal ataxia (posi-
tive Romberg’s sign) and loss of tactile 
sensation resulting from dorsal cord 
compression, either continuously or in-
termittently. Secondly, due to posterior 
compression of the nerve root(s), radic-
ular pain and motor deficit are rather 
less significant than in patients with in-
tervertebral disc herniation. Radiologi-
cal findings of CPPD crystal deposition 
in the mid-cervical spine include vague 
calcified area in the interlaminar space 
on lateral radiographs, oval or semi-
oval and/or diffusely scattered calci-
fied lesions adjacent to the inner cor-
tices of the laminae on CTs, and low-
signal intensity lesions in the areas of 
the ligamentum flavum on sagittal and 
transaxial T1-weighted images of high-
resolution MRIs. On MRIs, the lesion 
often shows no rim enhancement af-
ter gadolinium administration, and the 
posterior “buckling effect” of the liga-
mentum flavum is more significant on 
MR images in neck-extended position. 
We recommend obtaining a detailed 
radiological work-up such as lateral 
radiographs and CTs; nevertheless, the 
first choice of radiological examination 
should be high-resolution MRIs. 
Histopathologically, previous reports 
(6, 12-14) described significant degen-
eration and loss of elastic fibre bundles 
in the calcified ligamentum flavum, to-
gether with appearance of some meta-
plastic chondroblast-like mesenchymal 
cells, as well as apoptosis of fibroblasts 
with increased collagen fibrils and fi-
brosis around the CPPD crystal depo-
sition. Invasion of small blood ves-
sels around the CPPD deposition was 
significant in the superficial layer of 
the ligament rather than the deep one, 
but in focal (nodular) deposition, this 
neovascularisation was widespread in 
the latter layer. The deposits of crystal 
were mainly well delineated and finely 
granular, but in some cases they were 

Fig. 5. Immunohistochemical findings of the calcified lesion. Hypertrophic chondrocytes positive for 
TGF-β (a) and VEGF (b) were abundant around the area of calcium deposition. Chondrocytes were 
immunopositive for Sox9 (c) but immunonegative for hypertrophic chondrocyte. Msx2 (d) showed 
marked immunoreactivity in chondrocytes and mesenchymal cells present in the area of severely de-
generated matrix around the calcified lesion (a-d: magnification, ×20). Negative control (nc) photo-
graphs are shown on the right side of each figure.

Fig. 6. Photomicrographs of calcified tissues stained by terminal deoxynucleotidyl transferase (TdT)–
mediated deoxyuridine 5-triphosphate (d-UTP) nick end-labelling (TUNEL). In nodular type deposi-
tion, TUNEL-positive chondrocytes were present around the crystal deposition (a, haematoxylin and 
eosin staining; b, TUNEL staining). In diffuse type deposition, TUNEL-positive chondrocytes were 
scattered widely in the matrix (c, haematoxylin and eosin staining; d, TUNEL staining). a-d: magnifi-
cation, x20. Ca: calcium deposition. 
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scattered diffusely without any sig-
nificant inflammatory reactions. In the 
current series, we can summarise the 
histopathological findings to marked 
degenerative changes (thinning and 
fragmentation) of the elastic fibres 
with some neovascularisation and infil-
tration of mesenchymal fibroblast-like 
and chondroblast-like cells. 
Immunohistochemically, a number of 
hypertrophic chondrocytes and fibrob-
last-like mesenchymal cells that in-
filtrated around the calcified deposits 
were significantly positive for basic 
fibroblast growth factor and TGF-β. 
In our previous studies (12-14), we 
reported that basic fibroblast growth 
factor, possibly secreted from these 
cells and regulated by TGF-β, could 
promote neovascularisation in the ma-
trix where metaplastic chondrocytes or 
chondroblast-like cells migrate. Similar 
to the findings of Yahia et al. (9), we 
observed marked chondrometaplasia 
in the calcified ligamentum flavum and 
metaplastic hypertrophic chondrocytes 
positive for S-100 protein and contain-
ing elastase as well as chymotrypsin. 
S-100 protein is known as a specific 
binding peptide to calcium crystal. We 
speculate that the newly appeared mes-
enchymal fibroblast-like cells in the de-
generated areas of elastic fibre bundles 
were transformed via the TGF-β and 
other unknown cytokines, to S-100-
protein-postive chondrocytes, which 
contributed to crystal deposition in cer-
tain areas of the degenerated ligament. 
The results suggest that the hypertrophic 
chondrocytes could play a role in crystal 
formation, since they were abundant in 
the degenerated ligaments accompanied 
by metaplastic chondroid matrix. Yahia 
et al. (9) considered the metaplastic 
chondrocytes to be derived from fibrob-
lasts. We found hypertrophic and seem-
ingly premature chondrocytes in areas 
with ruptured elastic fibres containing a 
number of mesenchymal cells or fibrob-
last-like cells. Sox9 is a member of Sox 
family of transcription factors, which 
is expressed in chondroprogenitor cells 
and chondrocytes, while its expression 
is significantly decreased in hyper-
trophic chondrocytes (24). In contrast, 
Msx2 prevents ligament fibroblasts 
from undergoing osteoblastic cells or 

chondrocyte differentiation (25). These 
promoters might regulate the process of 
chondrogenesis and chondrocyte dif-
ferentiation from mesenchymal cells or 
fibroblast-like cells to mature chondro-
cytes. The hypertrophic chondrocytes 
in the focally degenerated ligament, 
however, were significantly TUNEL-
positive, especially around crystal 
deposition. It is not clear whether the 
chemical change in matrix induced ap-
optosis of hypertrophic chondrocytes or 
these cells themselves underwent pro-
grammed cell death triggered by bio-
chemical alteration of chondroid matrix 
secondary to ligamentous degeneration, 
or whether apoptosis was induced by 
the crystals and/or matrix vesicles (13). 
However, it seems that TUNEL-posi-
tive hypertrophic chondrocytes corre-
late with CPPD crystal deposition in the 
degenerated ligament flavum. 
In summary, CPPD crystal deposits in 
the ligamentum flavum in the cervical 
spine showed nodular or diffuse pat-
tern. Histopathological examination 
showed reduction in elastic fibres as-
sociated with appearance of mesen-
chymal fibroblasts and fibroblast-like 
cells as well as neovascularisation in 
both types of calcium deposits. We 
found a number of metaplastic hyper-
trophic chondrocytes with cluster for-
mation around crystal deposition sites, 
and these cells were TUNEL-positive. 
These processes seem to be controlled 
by cytokines and/or transcriptional fac-
tors, and we speculate that metaplastic 
hypertrophic chondrocytes play a criti-
cal role in CPPD crystal deposition in 
the cervical ligamentum flavum.

References
  1. MCCARTY DJ: Calcium pyrophosphate di-

hydrate crystal deposition disease. Arthritis 
Rheum 1976; 19: 275-85.

  2. BABA H, MAEZAWA Y, FURUSAWA N et al.: 
The role of calcium deposition in the liga-
mentum flavum causing a cauda equina syn-
drome and lumbar radiculopathy. Paraplegia 
1995; 33: 219-23.

  3. FENOY AJ, MENEZES AH, DONOVAN KA et 
al.: Calcium pyrophosphate dihydrate crys-
tal deposition in the craniovertebral junction.     
J Neurosurg Spine 2008; 8: 22-9.

  4. FYE KH, WEINSTEIN PR, DONALD F: Com-
pressive cervical myelopathy due to calcium 
pyrophosphate dihydrate deposition disease: 
report of a case and review of the literature. 
Arch Intern Med 1999; 159: 189-93.

  5. REGINATO AJ, SCHUMACHER HR, MAR-
TINEZ VA: The articular cartilage in familial 
chondrocalcinosis. Light and electron micro-
scopic study. Arthritis Rheum 1974; 17: 977-
92.

  6. BABA H, MAEZAWA Y, KAWAHARA N et al.: 
Calcium crystal deposition in the ligamen-
tum flavum of the cervical spine. Spine 1993; 
18: 2174-81.

  7. ISHIKAWA K, MASUDA I, OHIRA T et al.:         
A histological study of calcium pyrophos-
phate dihydrate crystal-deposition disease.   
J Bone Joint Surg Am 1989; 71: 875-86.

  8. ROSENTHAL AK: Formation of calcium      
pyrophosphate crystals: biologic implica-
tions. Curr Opin Rheumatol 2000; 12: 219-
22.

  9. YAHIA H, DROUIN G, MAURAIS G, GARZON 
S, RIVARD CH: Degeneration of the human 
lumbar spine ligaments. An ultrastructural 
study. Pathol Res Pract 1989; 184: 369-75.

10. KUBOTA T, KAWANO H, YAMASHIMA T et al.: 
Ultrastructural study of calcification proc-
ess in the ligamentum flavum of the cervical 
spine. Spine 1987; 12: 317-23.

11. SCHRÄDER PK, GROB D, RAHN BA et al.: 
Histology of the ligamentum flavum in pa-
tients with degenerative lumbar spinal steno-
sis. Eur Spine J 1999; 8: 323-8.

12. FURUSAWA N, BABA H, MAEZAWA Y et al.: 
Calcium crystal deposition in the ligamen-
tum flavum of the lumbar spine. Clin Exp 
Rheumatol 1997; 15: 641-7.

13. YAYAMA T, BABA H, FURUSAWA N et al.: 
Pathogenesis of calcium crystal deposition in 
the ligamentum flavum correlates with lum-
bar spinal canal stenosis. Clin Exp Rheuma-
tol 2005; 23: 637-43.

14. YAYAMA T, FURUSAWA N, BABA H et al.: 
Calcium crystal deposition in the ligamen-
tum flavum of the lumbar spine: role of sex 
hormones and transforming factor-β. Acta 
Histochem Cytochem 2003; 36: 83-91.

15. ODOM GL, FINNEY W, WOODHALL B:        
Cervical disk lesions. J Am Med Assoc 1958; 
166: 23-8.

16. KOKUBO Y, KOBAYASHI S, UCHIDA K et al.: 
Herniated and spondylotic intervertebral 
discs of the human cervical spine: histologi-
cal and immunohistological observations. 
Acta Histochem Cytochem 2004; 37: 109-
17.

17. PASCAL-MOUSSELLARD H, CABRE P, 
SMADJA D, KAIDOMAR S, CATONNE Y:                 
Myelopathy due to calcification of the cervi-
cal ligamenta flava: a report of two cases in 
West Indian patients. Eur Spine J 1999; 8: 
238-40.

18. GOMEZ H, CHOU SM: Myeloradiculopathy 
secondary to pseudogout in the cervical liga-
mentum flavum: case report. Neurosurgery 
1989; 25: 298-302.

19. SMUCKER JD, HELLER JG, BOHLMAN HH et 
al.: Surgical treatment of destructive calcific 
lesions of the cervical spine in scleroderma: 
case series and review of the literature. Spine 
2006; 31: 2002-8.

20. OGATA M: A clinical study of calcium pyro-
phosphate dihydrate crystal deposition dis-
ease. J Jpn Orthop Assoc 1985; 59: 819-34 
(Abstract in English).

21. MUTHUKUMAR N, KARUPPASWAMY U: 



438

Calcification of the cervical ligamentum flavum / E. Mwaka et al.

Tumoral calcium pyrophosphate dihydrate 
deposition disease of the ligamentum flavum. 
Neurosurgery 2003; 53: 103-8.

22. KAWANO N, MATSUNO T, MIYAZAWA S et 
al.: Calcium pyrophosphate dihydrate crystal 
deposition disease in the cervical ligamen-
tum flavum. J Neurosurg 1988; 68: 613-20.

23. NAKAJIMA K, MIYAOKA M, SUMIE H et al.: 
Cervical radiculomyelopathy due to calci-
fication of the ligamenta flava. Surg Neurol 
1984; 21: 479-88.

24. IKEDA T, KAWAGUCHI H, KAMEKURA S et 
al.: Distinct roles of Sox5, Sox6, and Sox9 
in different stages of chondrogenic differen-

tiation. J Bone Miner Metab 2005; 23: 337-
40.

25. YOSHIZAWA T, TAKIZAWA F, IIZAWA F et al.: 
Homeobox protein Msx2 acts as a molecular 
defence mechanism for preventing ossifica-
tion in ligament fibroblasts. Mol Cell Biol 
2004; 24: 3460-72.


